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RESUMEN
ABSTRACT
We present a new database of fully radiative shock models calculated with
the shock and photoionization code mappings v. The database architecture is
built to contain diverse shock grids comprising of multiple shock parameters. It
can be easily accessible through the MySQL protocol. Intensities of spectral lines
from infrared to X-rays are stored along with other useful outputs such as the ionic
fractions/temperature, integrated densities, etc. A web page was created in other
to explore interactively the database as it evolves with time. Examples of its usage
is given using the Python language.
Key Words: astronomical databases — H II regions — ISM: abundances — Galaxy:
abundances
1. INTRODUCTION
The internet revolution has changed in a power-
ful and effective way how research is being conducted
today. Far away are the days when a researcher had
to spend an incalculable amount of time in libraries
searching and deciphering through an ever growing
and complex scientific literature. In this day and
age, researchers’ primary reflex is to use the internet
to search and gather essential information to the ad-
vancement of their research. Astrophysics has been
particularly at the forefront in adopting this technol-
ogy and applying it to very diverse goals.
Services such as the ADS2 (SAO/NASA Astro-
physics Data System Abstract Service (McKiernan
2001)) now plays an indispensable role in providing
easy access to millions of abstracts and to the asso-
ciated papers.
Other web services have been created to facili-
tate the search of astrophysical data. A prominent
example is the conglomerate of CDS3 (Strasbourg as-
tronomical Data Center) services like VizieR4 which
became available in 1996 and was later described in
Ochsenbein et al. (2000). It provides access to the
most complete online library of published astronom-
ical catalogues and data tables organized in a self-
documented database system.
1Instituto de Astronomı´a, Universidad Nacional
Auto´noma de Me´xico, Me´xico
2http://http://adsabs.harvard.edu/
3http://cds.u-strasbg.fr/
4http://vizier.u-strasbg.fr/
Another service from CDS is the ALADIN5 in-
teractive sky atlas (Bonnarel et al. 2000; Boch &
Fernique 2014) that allows simultaneous access to
digitized images of the sky, astronomical catalogs,
and databases. It is mainly used to facilitate direct
comparison of observational data at any wavelength
with existing reference catalogs of astronomical ob-
jects.
While such services have proven to be valuable,
other areas of astrophysics can also benefited from
those innovations. This is particularly the case of
computational models such as photoionization and
shock models computed using various spectral syn-
thesis codes. Most of those models available on the
’market’ can be found in the form of tables that are
scattered around in the published literature. The
most recent model grids are available as compressed
files in multiple websites that use quite different
data-formats. A centralized database that is read-
ily accessible and user friendly would no doubt be
beneficial to the community. To this end the Mex-
ican Million Models database (3MdB6) was created
(Morisset et al. 2015). It is designed to store and
to distribute photoionization models computed with
the code cloudy (Ferland et al. 2017) using the
MySQL database management system. This service
offers to the community an easy access to millions of
online models by means of the SQL language.
5https://aladin.u-strasbg.fr/aladin.gml
6https://sites.google.com/site/
mexicanmillionmodels/
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2 ALARIE & MORISSET
This paper deals with the addition of shock mod-
els calculated with the code mappings (Sutherland
& Dopita 2017). This new database which includes
shock models is called ”3MdBs” (i.e., 3MdB-shocks).
The structure of the 3MdBs database differs from
the original 3MdB (photoionization models) but the
logic behind its usage has remained the same. Both
databases are available at the same address and
both can be used simultaneously using the appro-
priate SQL queries. 3MdBs comes with a website7
which allows one to explore the grid available in the
database interactively using a simple web browser.
The website furthermore contains tutorials allowing
potential users to obtain the necessary information
required to interact with the database.
This paper is structured as follows. In Section 2
we briefly introduce the modelling code mappings.
Section 3 explains the database structure. The grids
of models available at the time of publication are
presented in section 4 followed by a discussion about
specials grids in section 4.4.
2. THE MODELING CODE
All the models referred to in this paper have been
calculated using the shock and photoionization code
mappings v8, version 5.1.13 (Sutherland & Dopita
2017; Sutherland et al. 2018). The latest improve-
ments made in mappings v are detailed in Suther-
land & Dopita (2017).
2.1. Preionization
Preionization conditions of the gas entering the
shock front are an essential parameter of the shock
calculations since it greatly influences the ionization
structure of the shocked gas downstream and there-
fore all the line emissivities and their spatially inte-
grated intensities (Dopita & Sutherland 1995; Allen
et al. 2008). Manually setting preionization would
be arbitrary and far from optimal, in particular in
models related to specific astrophysical situations.
Allen et al. (2008) for instance used an itera-
tive process to determine preionization by first in-
tegrating the UV radiation propagating upstream
that is produced by the shocked gas UV emission
downstream, and second, by using the resulting UV
energy distribution to calculate a photoionization
model for the preshock gas as it travels towards the
shock front. In the case of high velocity shocks, it
is a reasonable to assume that the precursor is pho-
toionised and near equilibrium conditions as deter-
7http://3mdb.astro.unam.mx
8mappings v is freely accessible from https://
mappings.anu.edu.au/code/
mined from the ionizing radiation field generated by
the shocked gas downstream.
Since there is a strong feedback between preion-
ization conditions and the ionization of the shocked
gas downstream and its UV emission, the adopted
methodology consisted in repeating the shock cal-
culations using the preionization conditions inferred
from the previous shock iteration. By repeating this
iterative procedure up to at least four times, one
finds that both the temperature and ionization state
of the precursor converge towards a stable value,
hence so do as well the line emission intensities of
the cooling shock.
While this method is valid for shock velocities Vs
in excess of ∼200 km s−1, it fails for slower velocities
since there is insufficient time for the preshock gas
to achieve equilibrium before it is shocked. In such
case, it is essential to take into consideration the time
dependent aspects of the problem. mappings v now
addresses the preionization problem in a fully consis-
tent manner. For the first time, the new code treats
the preshock ionization and thermal structure itera-
tively by solving, in a fully time-dependent manner,
the photoionization of the preshock gas, its recom-
bination, photoelectric heating and line cooling as
it approaches the shock front. A detailed study of
preionization in radiative shocks was presented in
Sutherland & Dopita (2017). Therefore, the models
in the database make use of this new treatment in
which the preshock temperature and ionization state
of the gas are iteratively calculated after each shock
calculation.
2.2. Precursor gas
For shocks with velocity less than 100 km s−1, we
did not compute the emission of the precursor since
shocks below this velocity are unable to produce any
appreciable ionizing emission. For shocks with veloc-
ity greater than 100 km s−1, the photoionized pre-
cursors were computed separately. These were eval-
uated after the ionizing radiation field generated by
the shock has been computed. All precursors were
calculated subsequently to each iteration using the
option ’P6’ in mappings v (photoionization model),
the ionizing radiation emanating from the shock be-
ing the only source of ionization in the current grid.
We essentially used the exact same method employed
by Allen et al. (2008) to compute the precursor emis-
sion spectrum.
3. THE NEW DATABASE
All models presented in this papers are stored
into an SQL9 database freely available online.
9Structured Query Language
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This method of distribution presents three main
advantages. First, it allows anyone to have access
instantaneously to thousands of models without the
hassle of installing and managing the database on
one’s own workstation. Second, any new database
updates or additions become instantly available to
the community, a feature which can be very useful
when it involves a worldwide collaboration (which
is not available when using the VizieR database
system). Third, the database can be accessed and
handled using anyone’s preferred programming
language as long as it includes a SQL client library.
In order to make use of this database and exploit
fully its capabilities, the user needs to be familiar
with the SQL database language, a domain-specific
language designed for managing data stored in a re-
lational database management system. This work
makes use of MariaDB®, a fast, scalable and robust
open source database server. In the following sec-
tion, we shall explain the database structure and the
variables the latter manages. This will be followed
by a book case example of how the database is best
used.
3.1. Database structure
As in any database design, the data in distributed
across several tables with a multicolumn setup. The
whole database consists of 12 tables, each having a
specific purpose which we shall discuss in details be-
low. An overall view of the database’s structure is
displayed in Fig. 1, which illustrates the different re-
lations between the tables. The architecture adopts
a modular design in the form of multiple tables, all
with the aim of satisfying three criteria: efficiency,
simplicity and expandability. By design, an SQL
database can only contain a given number of name
columns depending of its configuration. Too much
columns in a table can greatly degrade its perfor-
mance and even make it unstable. It is also very
rare that one needs the information contained in all
tables through a single database request. Most of
the time, only a fraction of the table columns are
needed at a given time. For this reason, the data are
scattered into different tables, each having a specific
purpose while limiting data duplication and thus op-
timizing the database size.
All the shock parameters are to be found in
the table named shock params (Table 4). This ta-
ble includes various columns associated with the
shock parameters described in Section 4.1, mainly
the shock velocity (shck vel), the preshock density
(preshck dens) and the transverse magnetic field
(mag fld). The abundance sets used for a specific
model is referenced using an abundance identifica-
tion code (AbundID) which is linked to the table
abundances that contains a list of all abundance sets
available in the database at the time it is consulted.
A total of 4132 emission lines from ultraviolet to
infrared can be extracted from the database. They
are distributed among 5 tables, each covering specific
wavelength intervals : 660-938 A˚ (emis UVA), 939-
1527 A˚ (emis UVB), 1528-2999 A˚ (emis UVC), 3000-
7499 A˚ (emis VI) and 7500A˚-609µm (emis IR). The
complete emission lines list can be consulted via the
web-interface.
For each emission line of every model, the
line intensities corresponding to the three dif-
ferent region types (namely shock, precursor
and shock+precursor) are available, using the
filter WHERE emisVI.modeltype="shock" or
"precursor" or "shock plus precursor" respec-
tively.
The mean temperatures, weighted by the ionic
fraction of the specie involved, are given for each
model in table temp frac, with the average ionic
fraction listed in the column labelled ion frac
and the ionic column densities in the column
ion column frac.
There are two more tables in the database that
are usually not expected to be required. Their names
are projects and models directory. They ought
to be used only when one needs to reevaluate a model
or when the latter contains information required by
the web-interface.
3.2. Website and user credentials
In section 4, we will describe the models grids
available at the time of publication. With time,
other grids will be calculated and added in the
database. In order to publicized these grids to the
community, with have created a website allowing to
visualized the different grids available at the time
of consultation. The website can be reached via
http://3mdb.astro.unam.mx/.
The user credentials can be obtained via the web-
site alongside with the IP adress and port needed to
connect to the database.
The website is connected directly to the Mari-
aDB10 database. This means that it is adaptive and
any changes made to the database will automati-
cally appears into the different sections. New grids
of models can be added to the database, which then
become automatically visible and accessible to the
general public. Since each grid is built using distinct
10https://mariadb.org/
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abundances
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Fig. 1. Interrelation between the various database Ta-
bles.
range of shock parameters, and the spacing between
successive values is at times non uniform from grid
to grid, the website provides a parameter explorer
that allows any user to explore the database and,
in an intuitive manner, compose relatively complex
SQL queries, such as the one given as example in Ta-
ble 1. The website also includes interactive tutorials
that aim at teaching any user about how to connect
and interact with the database using the Python pro-
gramming language.
4. THE MODELS GRIDS IN THE DATABASE
At the time of publication, 3 main grids are avail-
able in the database :
1. An exact replica of Allen et al. (2008) grids (sec-
tion 4.1).
2. An extension of the Allen et al. (2008) grids
computed for low metallicities using the abun-
dances of Gutkin et al. (2016) (section 4.3)
3. An extension of the Allen et al. (2008) grids
computed for different shock age (section 4.4).
Not all the parameter grids presented in this pa-
per are equally set in the shock parameter space (i.e.,
the size of the intervals and the range they cover may
depend differently on the assumed abundances). The
next section will describe the grids of models cur-
rently available in our database. For all models of the
grid, we provide information about each of the three
region types: shock, precursor and shock+precursor.
The effect of dust have not been considered while
computing the models.
4.1. The Allen et al. (2008) grid
As in Allen et al. (2008), each shock model from
the grid is uniquely defined through five different in-
put parameters: the shock velocity Vs, the preshock
transverse magnetic field B0, the preshock density
n0 and one of the five abundance sets listed in Ta-
ble 2. The temperatures of the ions and electrons
have been set to be equal right from the shock front.
The ionization state of the precursor (the gas enter-
ing the shock front) was calculated with mappings v
using the method described in Sect. 2.1.
The grid is divided into two sub-grids. Both
of which are an exact replica of those presented by
Allen et al. (2008) as they use the exact same shock
parameters. The only exception is the use of map-
pings v instead of mappings iii during model eval-
uations. Below is a resume´ of each sub-grid.
The first sub-grid contains 1440 models that were
calculated using one of the following five abundance
sets: a depleted solar set and a twice solar set which
were both used by Dopita & Sutherland (1996), a
solar abundance set labelled ’dopita2005’ from As-
plund et al. (2005) that was used in Dopita et al.
(2005), and finally, an SMC and an LMC abundance
set published by Russell & Dopita (1992). The re-
spective abundances for each atomic element with
respect to hydrogen are given in Table 2. Each model
in this sub-grid was calculated using a fixed preshock
density of n0 = 1 cm
−3 consisting of 36 individual
shock velocities (from 100 up to 1000 km s−1 in steps
of 25 km s−1) and one of the following 8 transverse
magnetic field values: B = 10−4, 0.5, 1.0, 2.0, 3.23,
4.0, 5.0 and 10 µG.
The second sub-grid of models was calculated
using only the solar abundance set of (Dopita &
Sutherland 1996) with 6 preshock densities (0.01,
0.1, 1.0, 10, 100 and 1000 cm−3), at 36 shock veloc-
ities (100 up to 1000 km s−1 in steps of 25 km s−1)
and for 8 transverse magnetic field values (B = 10−4,
0.5, 1.0, 2.0, 3.23, 4.0, 5.0 and 10 µG). As in the
Allen et al. (2008) paper, further models were com-
puted using additional values of B in order to cover
all the magnetic parameter values B/n1/2 from the
first sub-grid. This facilitates comparison of models
that differ by their preshock density. We recall that
models with the same ratio B/n1/2 result in the same
magnetic to gas pressure ratio. These additional
values (transverse magnetic field) are B ∼ 10−3,
∼ 10−2, ∼ 10−1, 1.0, 10 and 100 µG which were
calculated for each selected preshock density.
11A typo error shows -7.23 in the Allen et al. (2008) paper
although their model has been obtained with the correct value
of -5.23, as the one present in the grid.
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TABLE 1
EXAMPLE OF SQL COMMAND LINES USED TO GENERATE FIG. 2 DIAGRAM.
SELECT shock params.shck vel AS shck vel ,
shock params.mag fld AS mag fld ,
log10(emis VI.NII 6583/emis VI.HI 6563) AS NII Hb ,
log10(emis VI.OIII 5007/emis VI.HI 4861) AS OIII Hb
FROM shock params
INNER JOIN emis VI ON emis VI.ModelID=shock params.ModelID
INNER JOIN abundances ON abundances.AbundID=shock params.AbundID
WHERE emis VI.model type=’shock’
AND shock params.ref=’Allen08’
AND abundances.name=’Allen2008 Solar’
AND shock params.shck vel<=200
AND shock params.preshck dens=1
ORDER BY shck vel , mag fld;
TABLE 2
ABUNDANCES USED IN ALLEN ET AL. 2008.
Elem Solar 2×Solar Dopita2005 LMC SMC
H 0.00 0.00 0.00 0.00 0.00
He -1.01 -1.01 -1.01 -1.05 -1.09
C -3.44 -3.14 -4.11 -3.96 -4.24
N -3.95 -3.65 -4.42 -4.86 -5.37
O -3.07 -2.77 -3.56 -3.65 -3.97
Ne -3.91 -3.61 -3.91 -4.39 -4.73
Na -6.35 -4.85 -5.92
Mg -4.42 -4.12 -5.12 -4.53 -5.01
Al -5.43 -5.23 -7.31 -4.28 -5.60
Si -4.45 -4.15 -5.49 -5.29 -4.69
S -4.79 -4.49 -5.01 -5.2311 -5.41
Cl -6.70 -7.30
Ar -5.44 -5.14 -5.44 -5.71 -6.29
Ca -5.88 -5.58 -8.16 -6.03 -6.16
Fe -4.63 -4.33 -6.55 -4.77 -5.11
Ni -7.08 -6.04 -6.14
X 0.7073 0.6946 0.7158 0.7334 0.7535
Y 0.2745 0.2696 0.2778 0.2596 0.2432
Z 0.0183 0.0358 0.0065 0.0070 0.0033
4.2. Comparison between the Allen 2008 models
and our calculations
The first application of the new model grid was
to compare it with the previous grid from Allen et al.
(2008). Figure 2 shows a classical plot of [O III]/ Hβ
versus [N II]/ Hα, commonly known as a BPT diag-
nostic diagram (Baldwin et al. 1981). Except that
our grid was computed using the code mappings v
, it is otherwise equivalent to the one presented by
Allen et al. (2008). We assumed the same shock
parameters: a solar abundance set with shock veloc-
ities varying from 200 to 1,000 km s−1. The trans-
verse magnetic field covers the range 0.0001 to 2 µG
and the preshock density is always 1 cm−3. The left
panel displays the line ratios from the shocked gas
only while the right panel displays the same ratios
after summing up both shock and precursor line in-
tensities. Our Figure can be directly compared to
Fig. 20 of Allen et al. (2008).
The Figure 3 makes a direct comparison between
our grid (blue lines) and the Allen et al. (2008) ver-
sion using mappings iii (gray lines). Although sim-
ilarities do appear between the different line ratio
curves, a higher value by up to ∼ 0.3 dex of our
[O III]/ Hβ ratio shows up in some parts of the di-
agram.
The Figure 4 displays the behaviour as a func-
tion of shock velocity Vs of 16 different emission
lines. These further illustrate the similarities and
differences between both grids of models. All lines
are normalized to the Hβ intensity. Colors represent
whether the emission is from the shocked gas only
(red), or from the preshock gas (green) or from the
sum of both (blue). The models using mappings v
are shown using dotted lines while the continuous
lines represent the Allen et al. (2008) models. For
both grids, a preshock density of 1 cm−3 was as-
sumed and a magnetic field of 3.23 µG. The color
shaded bands represent the range in flux variations
within the mappings v grid when the magnetic field
is varied between 10−4 and 10µG.
We note from Figure 4 that the behaviour of the
emission line intensities are quite similar between the
mappings v andmappings iii grids although signif-
icant differences appear in the case of the lines [C IV]
1550A˚, C III] 1909A˚, [O III] 4363A˚, [O III] 5007A˚,
and [Ne V] 14.3µm, which is predicted stronger in
our new grid, while the lines [C II] 2327A˚ and [Ne III]
15.5µm are predicted weaker. Other lines appear
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stronger or weaker depending on the shock velocity
considered.
Figure 5 is another illustration of the differences
between Allen et al. (2008) models and the current
grid. The six panel pairs represent useful line ra-
tio diagnostics when studying LINERs. All the se-
quences shown are from our grid only and they all
have the same transversal magnetic field of 1µG. The
emission lines from the left panels represent shocked
gas only while those from the right panel represent
the sum of shock with precursor emission lines. The
model sequences shown correspond to sequences in
which either the precursor density (red lines) or the
shock velocity (blue lines) are varied. The line thick-
ness (of the red and blue lines) increases along as the
iso-parameter takes on larger values. These models
are equivalent to those presented by Molina et al.
(2018) in their figures 24 to 29. The main difference
found in our grid is the [O III] 5007A˚ line, which can
be up to 0.3 dex stronger than Molina et al. (2018).
The line ratio differences discussed above be-
tween code versions arise either from changes im-
plemented in the newer mappings code or from the
use of a more recent atomic database. It is beyond
the scope of this paper (and of the authors expertise)
to determine which of these is at play in any specific
line intensity difference.
4.3. The low metallicity grid
We have extended the grid of Allen et al. (2008)
to include low metallicity abundances in order to
study shocks in galaxies at different cosmic epochs.
The abundance sets chosen for this grid in particu-
lar are the same as the ones derived in Gutkin et al.
(2016), which were evaluated for different mass frac-
tion of Z. We follow the same methodology, which
these authors described in their paper, in order to
retrieve the abundance of each individual element,
from hydrogen to zinc.
Our database currently contains models calcu-
lated using the parameters given in Table 3. Fig-
ure 6 allows us to visualize the effect on the BPT
diagram [O III]/ Hβ vs. [N II]/ Hα of adopting lower
values of Z, starting with a value of (C/O)/(C/O)
= 1 and successively going down to 10−4 (shifting
from left to right in the figure). Interestingly, when
the metallicity decreases, the horizontal spread of
[N II]/ Hα in each sequence tends to become nar-
rower. Both changes of the shock velocity (from 100
to 1 000 km/s) and the magnetic field (from 10−4)
to 10 µG) lead to an increase in [O III] 5007A˚/Hβ,
while [N II] 6583A˚/Hα remains essentially constant.
It is also apparent from these figures that very low
TABLE 3
GRID SAMPLE OF THE LOW METALLICITY
GRID DESCRIBED IN SECTION 3.2
Parameter Sampled values
(C/O)/(C/O) 0.26, 1.00
Zism 0.0001, 0.0002 0.0005, 0.001, 0.002, 0.004
0.006, 0.008, 0.010, 0.014, 0.01524, 0.017
0.02, 0.03, 0.04
vs (km s
−1) 100, 125, ..., 1000
n0 (cm
−3) 1, 10, 102, 103, 104
B0 (µG) 10
−4, 0.5, 1.0, 2.0, 3.23, 4.0, 5.0, 10
metallicity shocks lead to very low values of any col-
lisionally excited line when normalized with respect
to a recombination line of H. It is important to keep
in mind that at the very low metallicity end, the
lines from metals become negligible, but the hydro-
gen and helium recombination or collisionally excited
lines are still emitted. If such shocked gas emission
was superposed to the observation of a photoionized
region, it might lead to an underestimation of metal-
lic abundances that would unavoidably result from
simply assuming classical methods to determine e.g.
O/H.
4.4. Grids of truncated/young shock models
The Allen et al. (2008) fast shock grid (sec. 4.1)
and the low metallicity shock grid (sec. 4.3) contain
models for which both the age of the shock was fixed
prior to the calculations by assuming arbitrary pre-
determined values. In certain cases, this parameters,
when treated as free quantity turn out to influence
the line intensities in ways that can be interesting
to explore. In this section, we will indicate how the
database can be used to explore the effect of the
shock age on line ratios.
The great majority of shock models found in
the database are complete models, that is, they
have been fully integrated until the shocked gas has
cooled and fully recombined. They correspond to
steady-state conditions and such shocks with time
will slow down as they progressively convert their
supersonic kinetic energy into radiative cooling. Al-
though steady-state models can reproduce the condi-
tions encountered in a wide variety of astrophysical
objects, they are not always the optimal perspec-
tive. This is the case for instance in objects in which
the shocks are relatively recent and therefore possess
an incomplete cooling structure. For this particu-
lar case, a grid of incomplete cooling shock models,
also known as truncated models or young shocks, is
needed. Only a few calculations of young shocks can
be found in the literature. They were computed to
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Fig. 2. The BPT [O III] λ5007/Hβ versus [N II] λ6583/ Hα diagnostic diagram (Baldwin et al. 1981) displaying shock
models that use the same abundance sets as Allen et al. (2008) and which cover shock velocities ranging from 200 to
1000 km s−1, all with the same preshock density of n0 = 1 cm−3. The left panel displays the line ratios from the shocked
gas only while the right panel shows the same ratios after summing up shock and precursor line intensities. This figure
is identical to Fig. 20 shown in Allen et al. (2008) except that the models shown here were calculated with mappings v
instead of mappings iii .
match individual object such as the Cygnus Loop
filaments (Raymond et al. 1980; Contini & Shaviv
1982; Raymond et al. 1988) or low-excitation Herbig-
Haro objects (Binette et al. 1985). The lack of grids
that included young/truncated shocks has compelled
us to add those to our database and to provide a way
of exploring them.
Fig. 8 illustrates the impact on the line ratios
of using incomplete shocks. It can be compared to
the similar Fig. 6 of Kehrig et al. (2018). A very
common assumption is that when one observes high
values of [S II] or [N II] or [O II] lines when normal-
ized by an H line, this implies the presence of shocks
or, on the contrary, when these ratios turned out
small, one often concludes that shocks cannot be in-
volved in the gas excitation. Such generalized stands
must be applied with greater care. For instance, at
low metallicities, we find that young shock models
can easily fall under the classical Kewley curve (see
Kewley et al. 2001).
Truncated (or age-limited or incomplete) shock
models can be identified in the database using the
cut keyword as a suffix at the end of the grid ref-
erence (ex: Allen08-cut, the only ones available for
the moment). Before using any such model, it is
important to be fully aware of what an incomplete
or age-limited shock represents, which implies be-
coming familiar with the behaviour of the ionization,
temperature and line emissivities downstream from
the shock front. To give an idea, Fig. 7 shows how
the evolution of these quantities are structured for a
200 km s−1 shock propagating into a gas with solar
abundances and preshock density of 10 cm−3. As it
can be seen on this figure, the recombination occurs
in stages, with the higher ionization species recom-
bining towards lower values as time proceeds. The
gas temperature shown in the bottom panel declines
markedly with time. Both of these factors and the
fact that the density increases as the temperature
drops12 means that the emissivity of any given line
strongly varies with time along the cooling history of
the postshock gas. The lower panel in Fig. 7 shows
how the cumulative (time-integrated) flux emission
progresses, up to the desired final shock age. These
time-integrated emission fluxes are actually stored in
the database as a function of time. As revealed by
the bottom panel, the line intensities are very sensi-
tive to the time spent since the passage of the shock
front. It is highly recommended to explore how such
variations in line intensities come about and from
there select the appropriate parameters to vary.
12The transverse magnetic field will provide pressure to the
gas as the temperature drops and if intense enough will sus-
pend the usual isobaric prescription.
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Fig. 3. Comparison of mappings iii and mappings v
in the BPT diagram of [O III] λ5007/ Hβ vs. [N II]
λ6583/ Hα when using the same model parameters as
Allen et al. (2008): a solar abundance set, a preshock
density of n0 = 1 cm
−3, shock velocities ranging from
200 to 1 000 km s−1 with an interval of 25 km s−1, and
a transverse magnetic field of 10−4, 1, 2 and 4 µG
cm3/2. The models calculated by Allen et al. (2008) are
shown in gray and our models using mappings v are
shown in blue. This figure is similar to Fig. 21 of Allen
et al. (2008), which was used by the authors to compare
their mappings iii grid to an earlier grid from Dopita &
Sutherland (1996).
There are alternative parameters that can be
used to specify the degree of shock completeness.
The first is obviously the time elapsed (age) since the
shock front initiated. The age parameter is located
in the shock params table in column named time,
which is expressed in seconds. There is also the dis-
tance between the shock front and the final thickness
of the shocked gas (at the specified shock age). This
parameter is similarly located in the shock params
table in the column named distance, which is ex-
pressed in cm. Finally, there is the integrated col-
umn density of each ionic specie of the gas swept by
the shock front until the gas has cooled and recom-
bined (column named coldens), which is expressed
in cm−2. The total H column density can be found
with the following summation : NH = NHI +NHII .
Complementary evaluations of how a specific line
emissivity varies with age or depth requires knowing
the integrated column density of the ion involved,
which can be found in the ion col dens table.
Both the distance travelled by the shock wave or
alternatively its cumulative age can vary greatly de-
pending on the initial shock conditions has shown
in Fig. 9. An easy mistake a user can make is to
define diagnostic diagrams such as those presented
in Figs. 2 and 6 and superpose them to observations
characterized by ages and/or sizes that are inconsis-
tent with those of the models. This can be avoided
by varying the preshock density until its thickness
fits the desired scale. In the case of a complete shock
model (without an external photoionization source),
the final thickness and the time spent in cooling both
scale as (n0)
−1 (as seen in Fig.9).
Another potential mistake would be to use
too high a preshock density, resulting in mod-
els where the density one would infer from its
[S II] (λ6716A˚/λ6731A˚) doublet ratio (or its [O II]
(λ3726A˚/λ3729A˚) doublet ratio) are much higher
than the density values derived from the observa-
tions. Consider for instance a postshock tempera-
ture of 105.3 K without magnetic field will result in
a [S II] doublet ratio corresponding to a density as
high as ∼ 100 n0. The reason is that the density
increases isobarically as the shock cools and, for the
B = 0 case, the local density across the whole shock
structure grows as the ratio Tpost/Te where Tpost and
Te are the postshock and the local electronic temper-
ature, respectively.
5. FUTURE EVOLUTION OF THE DATABASE
New models will be added depending on the re-
search necessities of the authors of this paper or upon
request by anybody interested in models that have
SHOCK MODELS DATABASE 9
0
1
2
3
4
5
[CIII] 977Å
0.0
0.5
1.0
1.5
2.0 [CII] 2327Å
0
10
20
30
40
[OIII] 5007Å
0
1
2
3
[NeV] 14.3 m
0
10
20
30
[CIV] 1550Å
0
1
2
[NeV] 3426Å
0
2
4
6 [NII] 6583Å
0
1
2
3
4
5 [NeIII] 15.5 m
0
1
2
3
4
5
HeII 1640Å
0
5
10
15
20 [OII] 3727Å
0
2
4
6
8
[SII] 6720Å
0
1
2
3 [SIII] 18.7 m
2 4 6 8 10
Shock Velocity (/100 km s 1)
0
2
4
6
8 CIII 1909+Å
2 4 6 8 10
Shock Velocity (/100 km s 1)
0.0
0.2
0.4
0.6
[OIII] 4363Å
2 4 6 8 10
Shock Velocity (/100 km s 1)
0
1
2
3 [NeII] 12.8 m
2 4 6 8 10
Shock Velocity (/100 km s 1)
0
5
10
15
20
[OIV] 25.9 m
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Fig. 5. Diagnostic diagrams to be compared to Molina et al. (2018) who used Allen et al. (2008) models. All models
shown have the same transverse magnetic field of 1µG. Red lines represent shock model sequences of different n0 values
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Fig. 6. Same diagrams as in Fig.2 except that the abundance sets are now from Gutkin et al. (2016). Shock velocities
range from 100 to 1 000 km/s, and magnetic fields range from 0.0001 to 10 µG. The left panel corresponds to the line
emission ratios from the shocked gas while the right panel represents the line emission of both the shocked and precursor
gas. The column in the upper left corner of each panel lists the mass fractions of each sequence of the corresponding
color.
not yet been included. As the web page is dynamic
and will instantly reflect the current status of the
database and of its model grids, any new references
or model inclusions will be easily noticed. The au-
thors of this paper will also do their best to update
the 3MdBs grid of models as soon as possible after
a new version of mappings is available.
6. CONCLUDING REMARKS
In this paper, we have presented an extension
to the Mexican Million models database (3MdB)
(Morisset et al. 2015) which comprises of the ad-
dition of shock models to the database. Important
information were presented in this paper and the fol-
lowing is a list that summarized the important points
:
1. All shock models in the database were computed
using the shock modelling code mappings v .
2. The database structure has been explain in de-
tail and information about how to connect and
interact with the database has been covered. A
website was created in order to follow the evolu-
tion of the database as new grids will be added
in the future.
3. At the time of publication, 3 grids were avail-
able. 1 : The grid of Allen et al. (2008) was
re-computed using mappings v . 2 : We have
extended the grids of Allen et al. (2008) to
low metallicity using the abundances derived by
Gutkin et al. (2016). 3 : Grids of truncated/y-
oung shock models were computed.
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TABLE 4
FIELD LIST OF TABLE ”SHOCK PARAMS”
Field name Description
ModelID Unique model identification number∗
ProjectID Unique project identification number∗
AbundID Abundance identification number (same as in abundances table)
FHI Ionization fraction of H0
FHII Ionization fraction of H+
FHeI Ionization fraction of He0
FHeII Ionization fraction of He+
FHeIII Ionization fraction of He++
shck vel Shock velocity ( km s−1)
preshck dens Preshock density ( cm−3)
preshck temp Preshock electronic temperature (K)
mag fld Transverse magnetic field (µG)
cut off temp Final electronic temperature in the last zone evaluated (K)
ref Name of the grid in which the model is belonging
script Main script used to evaluate a model∗
∗ Field used internally in the web application.
TABLE 5
FIELD LIST OF TABLE ”MODEL DIRECTORY”
Field name Description
Created Date the model was added to the database
ModelID Unique model identification number
Parameters Model parameters associated with the grid (shock or photoionization∗)
ProjectID Unique project identification number
code version mappings version used
∗ To be implemented in the future.
TABLE 6
FIELD LIST OF TABLE ”PROJECTS”
Field name Description
Created Date the grid was added to the database
ProjectID Unique project identification number
code version mappings version used
model count number of models for this project in the database
ref Name of the grid
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Fig. 7. Example of an ionization and emissivity structure for different element at different ionization stages behind a
200 km s−1 shock propagating into a preshock density of 10 cm−3 and a transverse magnetic field of 1 µG with solar
abundances. Top panel: Ionization fraction of H II, O III, Ne II and Ne V. Middle: emissivity of Hα, [O III] 5007A˚, [Ne II]
12.8µm, and [Ne V] 3426A˚. Bottom panel: cumulative emissivity for the same ions as plotted in the middle panel. The
shock front is propagating towards the left.
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TABLE 7
FIELD LIST OF TABLE ”ABUNDANCES”
Field name Description
name Abundances file name used during the evaluation
AbundID Abundance identification number
X Hydrogen mass fraction
Y Helium mass fraction
Z Metallicity mass fraction of all element heavier than helium
HELIUM Abundance of helium in log(He/H)
LITHIUM Abundance of lithium in log(Li/H)
BERYLLIUM Abundance of beryllium in log(Be/H)
BORON Abundance of boron in log(B/H)
CARBON Abundance of carbon in log(C/H)
NITROGEN Abundance of nitrogen in log(N/H)
ZINC Abundance of helium in log(Zn/H)
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TABLE 8
FIELD LIST OF TABLE ”ION FRAC”, ”ION TEMP” AND ”ION COL DENS”
Field name Ionization range∗
HYDROGEN (0 to 1)
HELIUM (0 to 2)
BERYLLIUM (0 to 4)
BORON (0 to 5)
CARBON (0 to 6)
NITROGEN (0 to 7)
OXYGEN (0 to 8)
FLUORINE (0 to 8)
NEON (0 to 8)
SODIUM (0 to 9)
MAGNESIUM (0 to 9)
ALUMINIUM (0 to 9)
SILICON (0 to 9)
PHOSPHORUS (0 to 9)
SULPHUR (0 to 9)
CHLORINE (0 to 9)
ARGON (0 to 9)
POTASSIUM (0 to 10)
CALCIUM (0 to 10)
SCANDIUM (0 to 12)
TITANIUM (0 to 12)
VANADIUM (0 to 13)
CHROMIUM (0 to 13)
MANGANESE (0 to 13)
IRON (0 to 13)
COBALT (0 to 13)
NICKEL (0 to 13)
COPPER (0 to 13)
ZINC (0 to 13)
∗ 0=X0, 1=X+, 2=X++...
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Fig. 9. Age and thickness of two shocks of different ve-
locities that propagate in a gas cloud of density of either
1 cm−3 (top panel) or 100 cm−3 gas (bottom panel), as-
suming in both cases solar abundances and B0 = 1 µG.
